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(57) Abstract: In an output stage of an electronic signal processing circuit such as that used for transmission from a mobile telephone 
set the amplifier circuit comprises two power transistors (A, B) of type FET. The power transistors are used for amplifying different 
signals such as signals for different wavelength bands in a dual band telephone set and they are not used simultaneously. Each 
power transistor comprises a multitude of elementary transistors (19, 21) or "fingers" which are interdigitated to form an interleaved 
configuration, the element transistors of one transistor alternating with the element transistors of the other transistor. Thereby the 
effective area which can receive heat dissipated by the element transistors will be twice that used when the element transistors are 
located in two geometrically separated groups which will allow a higher power load on each transistor element. 
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as small an area as possible to be suited to provide the respective output power. 

However, also the power consumption and the cooling of the FETs must be 
considered. There is generally an increasing demand for transmitting data from the mobile 
stations using standard networks. In such networks the time for communicating with a 
5 considered base station is divided in time slots so that transmission from a considered 
mobile station can be made say at most every eighth time slot. This means that if a FET is 
designed for a particular output power, the power consumption and the power dissipation 
will only correspond to about an eighth of the amounts required for a continuous 
transmission. When data transmission is required, more time slots can be assigned to the 
io mobile station, e.g. two or three time slots out of a set of totally eight time slots. This in 
turn implies that the power amplifiers and the FETs comprised therein must be designed 
for this higher average output power and thus the cooling of the power circuits has to be 
improved. This would generally require that the area of the FETs had to be considerably 
increased in order to enhance the conduction of heat away from the transistors, 
is In U.S. patents 4,276,516 and 4,682,197 interdigitated bipolar transistor structures 
for power amplifiers of Class B are disclosed in which neighbouring fingers comprise the 
complementary transistors which conventionally are alternatingly switched on in such 
amplifiers. 

SUMMARY OF THE INVENTION 
20 It is an object of the invention to provide an amplifier circuit for two different 
wavelength bands which has an efficient cooling and an efficient use of chip area. 

The problem to be solved by the invention is thus how to integrate the different 
transistors needed for amplifying signals of two wavelength bands in order to occupy a 
small area on a semiconductor chip and to have transistors located so that the power 
25 dissipated by the transistors can efficiently be conducted away. 

In a structure of power field effect, transistors and for instance used in an output stage 
of signal processing circuit each individual transistor comprises a multitude of "fingers", 
the fingers being element or elementary transistors located to form a line or row. By 
interdigitating the fingers so that element transistors belonging to one power transistor 
30 alternate with transistors belonging to another power transistor each element transistor will 
have a large surface area of a chip which will receive the heat developed by the element 
transistor. This presupposes that at each instant only one power transistor is active which is 
true for instance when communicating using different wavelength bands and each 
wavelength band has its own power transistor. 
35 The element transistors are thus collected in groups to form field effect transistor 
units which are used for different purposes. One transistor unit can thus be intended for 
amplifying signals of wavelengths or of wavelength band requiring more electric output 
power such as a lower frequency band. Since this transistor unit has to supply an output 
signal having a large output power, it hence requires a large area of a chip. Another 
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• o cm*iw area since when it is active less heat is developed. 

The u2r of element transfers of a first tractor unit can thus be larger than t 
Lib: element trustors of a second transistor umt. Alternative y or comb, ne 
. Zewith the element transistors of the second transistor umt can each one occupy 
smaller area than the element transistors of the second transistor umt. 
BRIEF DESCRIPTION OF THE DRAWINGS 

• -ii n™ he described by way of a non limiting embodiment with 
The invention will now be oescrioeu vy ™ ttJ 

rim* view from above of .he iayou, of a angle FET finger, 

- Fig. 2b is the circuit symbol of a FET, _ ,- fferent 

. Fig . 3 is a schematic view illustrating the use of different output FETs for different 
™ miI nication channels in a mobile unit communication system, 
" ~rr« view ,mi,ar ,0 tha, of Fig. 3 illustrating in,erdigi,a.ed elemenury 

F fL S ' 5a is a schematic view similar ro ma, of Fig. 2a illustrating .he layou. of ore FETs 
in I e— n. of Fig. 3 and .he iu«aposWon of FET fingers having sources and 

" X 5h~emafic view similar .„ .ha, of Fig. 5a mus.ra.ing a layou, of fc FETs 

!' view s,m„ar ,o una, of Fig. 5a iHusrrafing a layou. of FETs 
siwing a heavier load and requiring a minimum of space, 

, s F r^r— ,o *- ° f F,g - 5a mustra,ins m auema,,ve 

FETs allowing a heavier load and requiring a minimum of space, 
. Fig 6b is circuit diagram equivalent with the FETs tllus.ra.ed ,n Fig. 6a, 
- Fig 7 is a view similar <o to of Fig. 3 of anodter s^cmre of ■n.erdtgua.ed FETs 
allowine a heavy load and requiring little space, 
„ fT' is a view similar .o .ha, of Fig. 3 of s.ill another structure of mterdtgtuted FETs 
allowing a heavy load and requiring little space, and 
f"s 9a S 9b are views similar to Figs. 6a and 6b respectively Ulus.rat.ng a layou. of 

FETs having well separated sources. 

Fi:™ D ™ml for power amplifiers in e.g. mobile station, are 
" — !1 by connecting a ntu.dn.de of small or elementary FETs « pat*H . 
nroduce a so called multiftnger sm.cn.re. An element finger 1 of such a Ftl 
SSi UluLed m F* 2a as seen from above. The source 3 and dram 5 are seen 
"2 1 rectangohr parallel regions havmg their longimdmal directions ,n paraHe. to 
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each other and to the longitudinal direction of the gate region 7 located between the source 
and the drain. The gate region 7 is generally made of a metal layer on top of some 
electrically insulating layer. The signal is provided to the gate 7 as a voltage modulating 
the current between source and drain. The circuit diagram equivalent of the FET depicted 
5 in Fig. 2a is shown in Fig. 2b. 

A dual band mobile station 9 communicating with base stations 11, 13 is illustrated in 
the schematic picture of Fig. 3. The antenna 15 of the mobile station is connected to re- 
ceiver circuits 17 and through power FETs 19, 21 to transmitter signal processing circuits 
23. The FETs are arranged in two groups A, B comprising the FET elements 19, 21, each 
io FET element occupying an elongated rectangular area on a chip and each area being an 
elementary finger 1 as depicted in Fig. 2a. The FETs 19 of the first group A are intended 
to amplify signals for a lower wavelength and thus must be capable of providing a high 
output power and hence occupy a larger total area than the FETs 21 of the second group B 
intended for a higher wavelength band. This means, that if the elementary fingers of the 
is two group of FETS have an equal length and thus occupy an equal area, the first FET 
needs more fingers than the second one. The first group A of FETs 19 thus comprises five 
fingers, the gates of the fingers being connected in parallel to one output terminal of the 
transmitter signal processing circuits 23, whereas the second group B of FETs 21 com- 
prises a smaller number, in this case four fingers, the gates of the fingers being connected 
20 in parallel to another output terminal of the transmitter circuits 23. The total area of the 
FETs 19 of the first group A is physically or geometrically separated from the total area 
occupied by the FETs 21 of the second group. The layout of the fingers is shown in detail 
in the schematic view of Fig. 5a. In this figure it is seen that the antenna 15 is connected 
to the drains 5 of the elementary FETs of each group A, B and that the sources of the 
25 FETs of each group are connected in parallel, for instance to a common ground. 

However, when the elementary FETs 19, 21 have to carry more load, such as when 
using more time slots in a time division multiplex system, each FET element will be more 
intensely heated and they must each be given more space on the chips, as is illustrated in 
Fig. 5b. The additional space requirement can be up to 50 - 100% of the space used in the 
so layout illustrated in Fig. 5a. Since the transmission from the mobile station 9 always is on 
a single wavelength band, i.e. either on e.g. 900 MHz or 1900 MHz, and hence the FETs 
of each group are not simultaneously operated or energized, they can be interleaved so that 
most of the elementary FETs in an active group are separated by at least one elementary 
FET of the non-active group. Thereby the generated heat is distributed over a larger area 
35 and can be conducted away. Then most of the elementary FETs will have an effective 
space on the chip equal to twice the area of the element FET. Such a layout is illustrated 
in detail Fig. 5c and also appears from Fig. 4. Here each element FET of one group is 
located between element FETs of the other group, not considering the outermost FETs. 
The rectangular areas of each elementary finger are thus interleaved or interdigitated to 
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for m a sttuctute or panen, of rectangular rls placed with long sides par*, .0 
and a. each other with a untfomt spacing. is 

,„ te layout of the fingers as illustrated ,n ^ FET fingers are 

direc „y a, the side of the drain of the ad^cem , ^ » tha ^ ^ ^ ^ ^ 
mirrored, i.e. every second finger of each roup ^ ^ ^ ^ 

fingers are identica. to each other and the 2nd drains or sourC es in 

each group, in the embodiment the same -non ^- ^ ^ ^ 
neighhounng transistors iocate needy a h ^ ^ ^ ^ ^ ^ 

finger is here identical, t.e. the Is . 3rd M. 7 . ^ ^ are jden „ cal 

. and constitutes the first group A of FETs and me l .. 
t0 each other and consttnttes the second group BofFE ^ 

,„ some cases i, may be advantageous o o. £T ^ ^ ^ ^ 

Such a layout is illustrated tn Ftg. 6a. Th ; ° u "™» a, etc. The 

next two inner FETs belong to group B, the next two ™* - 
■adrcuite^a.en.ofmeiayourof Fig.oatssho^F.g^b. ^ ^ ^ ^ rf 

Since the cooling of .he chtp can be bener « to ^ 

elementary FETs 19, 21. there can be more FETs of *e group r i _ ^ 

, he ends. Such a strucrure is M» d » ■ J- m. ^ ( ^ 

a transverse direction, perpendicular to the Ion pET 

. second FET finger belongs to rhe firs, group „ the firsl gr0U p 

finger belongs to the second group B of FETa. More elem jy ^ ^ 

f tctc 1Q are distributed at the ends ot tne siruciuic a 

A, here a pan of FETs 1* dts ^ ^ ^ ^ ^ more ^ 

direction, since, as has aireaoy 

conducted away from the area. ^ f ^ first group A 

lt Another embodiment is i— m E.g. S. He ^ ^ m „ 

so embodiment of Figs. 5c, 6 and IT _ ^ direc „ y „ each 

1„ some cases the sources of the Afferent w henomena between the active 

other since such a location would cause a risk o cms udk phan 

-^.-TSTLt ^Vl « — of —id effect 
some output signal. Then the sources ot illustrated in 

. transistors have to separated by a «P«- - * 

Fi , 9 , The field .f" — to/ somewblt increased. The 
total area occupied by the new 
corresponding circuit diagram is shown in Fig. 9b. 
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CLAIMS 

1. An amplifier circuit for amplifying signals, the circuit comprising at least two 
power field effect transistors, a first power field effect transistor and a second power field 
effect transistor different from the first power field effect transistor, the first power field 

s effect transistor arranged to amplify first signals and the second power field effect transistor 
being arranged to amplify second signals, each power field transistor comprising a 
multitude of elementary transistors, the power field effect transistors and the elementary 
transistors having source, gate and drain electrodes, characterized in that the elementary 
transistors of the first power field effect transistor are located alternatingly with the 

io elementary transistors of the second power field effect transistor, and that each elementary 
transistor comprised in the first power field effect transistor and located between two 
elementary transistors comprised in the second power field effect transistor has its source 
located directly at the source of the elementary transistor comprised in the second power 
field effect transistor and located at one side of the elementary transistor comprised in the 

15 first power field effect transistor and has its drain located at the drain of another elementary 
transistor comprised in the second power field effect transistor and located at a different 
side of the elementary transistor comprised in the first power field effect transistor. 

2. An amplifier circuit according to claim 1, characterized in that it is arranged to 
amplify first and second signals, one of which is only present at each instant, so that when 

20 the first power field effect transistor is active the second power field transistor is inactive 
and vice versa, whereby elementary transistors of an active one of the power field effect 
transistors are separated by spaces in which elementary transistors of an inactive power 
field effect transistor are located. 

3. An amplifier circuit according to any of claims 1 - 2, characterized in that is 
2s arranged for amplifying . signals of at least two wavelength bands, the first signals being 

comprised in a wavelength band separate from a wavelength band, in which the second 
signals are comprised. 

4. An amplifier circuit according to any of claims 1-3, characterized in that the 
elementary transistors occupy rectangular areas at the surface of a circuit plate, the 

30 rectangular areas have long opposite sides and short opposite sides, a long side of the 
rectangular area an elementary transistor located at a long side the rectangular area of 
another elementary transistor. 

5. An amplifier circuit according to claim 4, characterized in that the rectangular 
areas of the elementary transistors of the first power field effect transistor and/or of the 

35 second power field effect transistor are identical to each other. 

6. An amplifier circuit according to claim 4, characterized in that the rectangular 
areas of the elementary transistors of the first power field effect transistor are larger than 
the rectangular areas of the elementary transistors of the second power field effect tran- 
sistor. 
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Fig. 3 
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Fig. 4 
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